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Insights into Flood-Coping Appraisals of Protection
Motivation Theory: Empirical Evidence from Germany
and France
Philip Bubeck,1,∗ W. J. Wouter Botzen,2,3 Jonas Laudan,1 Jeroen C.J.H. Aerts,2
and Annegret H. Thieken1
Protection motivation theory (PMT) has become a popular theory to explain the risk-
reducing behavior of residents against natural hazards. PMT captures the two main cognitive
processes that individuals undergo when faced with a threat, namely, threat appraisal and
coping appraisal. The latter describes the evaluation of possible response measures that may
reduce or avert the perceived threat. Although the coping appraisal component of PMT was
found to be a better predictor of protective intentions and behavior, little is known about
the factors that influence individuals’ coping appraisals of natural hazards. More insight into
flood-coping appraisals of PMT, therefore, are needed to better understand the decision-
making process of individuals and to develop effective risk communication strategies. This
study presents the results of two surveys among more than 1,600 flood-prone households in
Germany and France. Five hypotheses were tested using multivariate statistics regarding fac-
tors related to flood-coping appraisals, which were derived from the PMT framework, related
literature, and the literature on social vulnerability. We found that socioeconomic character-
istics alone are not sufficient to explain flood-coping appraisals. Particularly, observational
learning from the social environment, such as friends and neighbors, is positively related to
flood-coping appraisals. This suggests that social norms and networks play an important role
in flood-preparedness decisions. Providing risk and coping information can also have a pos-
itive effect. Given the strong positive influence of the social environment on flood-coping
appraisals, future research should investigate how risk communication can be enhanced by
making use of the observed social norms and network effects.
KEY WORDS: Coping appraisal; floods; protection motivation theory (PMT); risk communication; so-
cial vulnerability
1. INTRODUCTION
In recent years, protection motivation theory
(PMT) has become a popular theory to explain
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the risk-reducing behavior of residents and farm-
ers against natural hazards.(1–12) PMT was originally
developed in the 1970s to explain health-related
behavior(13–15) and has recently seen a revival in
the natural hazard domain due to its good explana-
tory power.(1,3) The growing interest in the deci-
sion making of individuals in response to natural
hazards stems from the continuously high losses
caused by natural hazards(16) and the related shift to
more integrated risk management concepts in many
countries.(17,18) The latter include a more comprehen-
sive approach to natural hazard management, and
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Fig. 1. A schematic overview of protection motivation theory (adapted from Rogers and Prentice-Dunn (19)).
a focus not only on protection against natural haz-
ards, but also on reducing exposure, lowering vulner-
ability, and managing residual risks. This requires all
stakeholders to contribute to risk reduction, includ-
ing residents.
According to PMT, the decision of individu-
als to engage in a protective or nonprotective re-
sponse is driven by two main cognitive processes,
namely, threat appraisal and coping appraisal.(19)
Threat appraisal comprises the two variables of the
perceived probability and perceived consequences
that an individual associates with a certain hazard.
Threat appraisal is, therefore, also referred to as
“risk perception.”(1) Once a certain threshold of
threat appraisal is exceeded, contemplation of tak-
ing possible response measures to reduce or avert
the threat begins, which is referred to as “coping ap-
praisal.” Coping appraisal consists of three variables:
namely, the perceived effectiveness of a certain mea-
sure (response efficacy), the perceived ability to im-
plement the respective measure (self-efficacy), and
the perceived costs associated with its implementa-
tion (response cost). Note that, according to PMT,
the response cost not only reflects financial costs but
also the time and emotional effort needed to imple-
ment the measure. The interplay of threat and coping
appraisal influences protection motivation, which is
considered as an intervening variable that “arouses,
sustains, and directs the activity of individuals to pro-
tect the self from danger.”((20), p. 470) If high perceived
risks are accompanied by high coping appraisals, this
can lead to the adoption of a protective response
intended to reduce the risk, such as flood-proofing
a building. If high perceived risks are accompanied
by low coping appraisals, it can result in nonprotec-
tive responses, such as fatalism, denial, or wishful
thinking.(21) PMT is schematically depicted in
Fig. 1.
According to PMT, different sources of informa-
tion can trigger the cognitive process of protection
motivation.(22) The original version of PMT still fo-
cused on fear appeals,4 which are typically informa-
tive communications about a threat and suggested
measures to avoid or reduce its negative impacts.(15)
The revised version introduced by Rogers ((22)) in-
cluded additional sources of information referred
to as “environmental and intrapersonal sources”
(Fig. 1). Environmental sources (not to be inter-
preted as geographical factors) include verbal per-
suasion and observational learning. The latter oc-
curs when an individual observes what happens to
others such as friends, neighbors, or family. The in-
trapersonal source, on the other hand, captures per-
sonality variables and prior experience with simi-
lar threats.(22) Although intrapersonal variables are
in principle broader and can relate, for example, to
ideology, they are mainly related to socioeconomic
characteristics, like gender, age, and income. More-
over, an emerging literature on the social vulnerabil-
ity of households to flood hazards has used socioeco-
nomic characteristics as observable proxies for some
of the life circumstances, beliefs, and constraints
that contribute to vulnerabilities, threat, and coping
appraisals.(23–25)
4It should be realized that communication policies that focus on
fear appeals may be regarded as undesirable because of the neg-
ative emotional impacts caused by fear, and that well-designed
communication policies can raise risk perceptions without induc-
ing fear, as shown by de Boer et al.(76)
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When it comes to explaining intentions or ac-
tual risk-reducing behavior, two meta-analyses of
the health-related literature on PMT come to the
conclusion that the coping appraisal component has a
greater predictive validity than threat appraisal.(14,15)
Similar findings have been reported from studies ex-
amining protective behavior in the face of natural
hazards.(1,3,5) Grothmann and Reusswig,(1) for exam-
ple, found that threat appraisal could explain an ad-
ditional 3–6% of the variance in protective behavior,
while coping appraisal could explain an additional 2–
21%.
Given the importance of threat and coping
appraisals in influencing protection motivation and
subsequent behavior, it is of interest for policies
that aim to improve individual risk preparedness to
understand what factors determine the threat and
coping appraisals of individuals. A large body of lit-
erature exists that examines this aspect in relation to
risk perception (called “threat appraisal” in PMT).
Several theories have been developed and exten-
sively tested to explain why people perceive a certain
event or activity as risky, such as the psychometric
paradigm(26,27) or cultural theory, which also seeks
to explain individual attitudes towards risk-reducing
actions.(28) Various studies also examined the factors
that specifically shape risk perceptions of natural
hazards.(29–37) In contrast, to our knowledge there are
no studies that systematically examine which factors
influence all three components of coping appraisals
related to natural hazards, despite their higher pre-
dictive validity in terms of protective intentions and
behavior. While not specifically focusing on PMT,
one exception is a study by Lindell et al.(38) that ex-
amines correlations between mostly socioeconomic
variables and the perceived attributes of earthquake
preparedness measures, such as the perceived pro-
tection of persons and property (related to response
efficacy) and the required time, effort, and costs
(relating to response cost). Self-efficacy, the third
component of coping appraisal in PMT, was not
included in the analysis by Lindell et al.(38) Instead, it
was elicited more generally whether people thought
that specialized skills and knowledge were needed
for the implementation of a particular measure.
Findings from this study show that especially fe-
males, respondents with higher risk perceptions, and
those with higher hazard intrusiveness exhibited a
higher perceived response efficacy.(38) Moreover,
Hispanics associated higher response costs (captured
by the variable “ResAtt” in Lindell et al., 2009) with
implementing measures, while the opposite was the
case for whites, older respondents, and homeowners.
Babcicky and Seebauer(39) explicitly investigate
factors that influence self-efficacy according to PMT
of flood-affected households in Austria, but do not
study response efficacy and response cost. They find
that self-efficacy is lower for women and respondents
facing a higher objective risk, while it is positively
influenced by income and cognitive social capital.
The latter refers to perceived support, trust, social
cohesion, and civil engagement.
Systematic insights into the factors that relate
to individuals’ flood-coping appraisals are needed to
better understand their decision-making process in
the face of natural hazards in general and floods in
particular, and to inform risk communication on how
to best stimulate protective behavior.(12) To gain a
better understanding of these aspects, we empirically
explore a wide range of variables capturing environ-
mental and intrapersonal sources of information pos-
sibly influencing coping appraisals of more than 1,600
flood-affected households in Germany and France,
using multivariate statistics. An important novel con-
tribution of our study is that we provide systematic
insights into the factors influencing all three compo-
nents constituting coping appraisal as given by PMT,
namely, response efficacy, self-efficacy, and response
cost, in the context of natural hazards. Our empir-
ical assessment for two countries allows for iden-
tifying consistent patterns on a large geographical
scale.
In addition, we examine whether groups of
households can be identified across different types
of private flood-damage-reducing measures and the
two countries that exhibit identical/similar combina-
tions of ratings for the coping appraisal components
and could thus be targeted by tailored risk communi-
cation. To this end, we furthermore explore whether
this grouping is determined by distinct explanatory
variables, such as environmental and intrapersonal
characteristics.
The remainder of the article is organized as fol-
lows: Section 2 describes our hypotheses, the respon-
sibility of households to contribute to flood-damage
reduction in Germany and France, and the surveys
conducted among flood-affected households, as well
as the statistical methods applied in this study. Re-
sults of statistical models of the factors that influ-
ence flood-coping appraisals of households as well
as the grouping analysis based on individual coping
appraisal ratings are provided in Section 3. Section
4 discusses the overall pattern of findings in view
of our hypotheses. Section 5 concludes and provides
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policy recommendations for flood risk management
and communication.
2. HYPOTHESES, CASE STUDIES, DATA,
AND METHODS
2.1. Hypotheses
Our study is structured around a set of five main
hypotheses concerning potential factors relating to
coping appraisals. These hypotheses have been based
on the factors that influence coping appraisals as
understood in the PMT framework (Fig. 1), the lit-
erature on social vulnerability to flooding, and the
handful of aforementioned studies that examined de-
terminants of selected coping appraisal variables.
Studies on social vulnerability to flooding typ-
ically find that socially vulnerable groups have a
higher exposure, a lower capacity to prepare for,
and cope with, flooding events, and potentially
a lower adaptive capacity.(23–25,40–42) Nevertheless,
such groups can also have their own capacities to
cope with and manage risk from natural hazards.(43)
A variety of indicators have been used to identify
vulnerable groups, of which some important vari-
ables include a low income, low education level, and
older age groups. Moreover, females, older adults,
and children may be additionally more vulnerable,
that last of which is not relevant for our surveys of
only adults. These variables belong to intrapersonal
sources according to PMT (Fig. 1). An examination
of some of these sources for which data were avail-
able from our surveys is operationalized in our anal-
yses by examining how coping appraisals relate to
income, age, education level, and gender. It may be
expected that socially vulnerable groups have lower
coping appraisals, especially in the form of a high
perceived response cost and lower perceived self-
efficacy. This leads to the first hypothesis (H1).
H1: Socially vulnerable groups in terms of low
income, age, low education, and gender have
lower coping appraisals, especially in terms
of high perceived response cost and lower
perceived self-efficacy.
Several studies have shown that prior flood
experience and individual flood risk perceptions are
strongly positively related,(33) although the effect of
experience on risk perceptions declines over time.(44)
Past flood experience and high risk perceptions may
have the effect that individuals find flood damage
mitigation measures appealing. The results of Lindell
et al.(38) and Terpstra and Lindell(45) suggest this lat-
ter effect by showing a positive relation between risk
perception and response efficacy. Similar findings
are also reported from the literature on hurricanes.
Norris et al.(46) report a positive relation between past
hurricane experience and perceptions of response
and self-efficacy, referred to as “controllability
beliefs.” The finding that the effect of (hurricane)
experience on coping appraisals can be ambiguous
is reported by Demuth et al.(47) They also report a
positive relationship between hurricane experience
and self- and response efficacy, in case hurricane
experience is operationalized in terms of evacua-
tion experience. However, if hurricane experience is
operationalized in terms of property damage or emo-
tional impact, a negative relationship is found at least
for response efficacy and self-efficacy, respectively.
It is thus of interest to gain further insights into how
prior flood experience and risk perceptions relate to
flood-coping appraisals. Based on the flood-related
literature, we hypothesize the following:
H2: Prior flood experience and high flood risk
perceptions are positively related to flood-
coping appraisals (i.e., higher response and
self-efficacy and lower response cost).
Moreover, other intrapersonal variables may
matter for shaping coping appraisals, as Fig. 1 sug-
gests. For example, a negative effect on coping ap-
praisals such as perceived response efficacy can arise
from fatalism, which corresponds to the belief that
nothing can be done to prevent impacts from flood-
ing. A similar effect may be expected from respon-
dents who postpone flood mitigation measures, since
these people see less urgency or immediate bene-
fit from flood-proofing their homes.(48,49) Similarly,
according to expected utility theory—the standard
economic theory of decision making under risk—
protection against a risk (here, flooding) is less val-
ued for individuals with a lower degree of risk
aversion.(50) This leads to the third hypothesis (H3).
H3: Fatalism, postponement, and low risk
aversion are important personality charac-
teristics that are related to lower coping ap-
praisals (i.e., lower response and self-efficacy
and higher response cost).
It is commonly expected that having received
information about a hazard and ways to protect
against it motivates people to better prepare for the
hazard. However, only few studies have empirically
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examined this assumption, as Haer et al.(12) point out.
Here, we empirically estimate whether a positive re-
lation exists between coping appraisals and informa-
tion about flood risk and coping measures:
H4: Information provision about flood risk
and flood-coping measures is related to
higher flood-coping appraisals (i.e., higher
response and self-efficacy and lower re-
sponse cost).
Previous research has suggested that individu-
als are more likely to prepare for disasters (e.g.,
purchase flood insurance) if their neighbors, friends,
and family members, do the same.(51–53) For instance,
Bubeck et al. (3) found that a social environment vari-
able, capturing whether respondents believed that
friends, family members, or neighbors took flood
damage mitigation measures, has a significant posi-
tive influence on the number of flood mitigation mea-
sures households take. However, it is not well known
through which channel the social environment influ-
ences mitigation behavior. This can be related to the
verbal persuasion and observational learning sources
in PMT (Fig. 1), in the sense that individuals who
learn about mitigation behavior from others have
more positive coping appraisals themselves. This is
formalized in our final hypothesis.
H5: Individuals who believe that friends,
neighbors, and family members have im-
plemented flood damage mitigation mea-
sures (related to observational learning)
have more positive coping appraisals (i.e.,
higher response and self-efficacy and lower
response cost).
2.2. Private Flood-Damage Mitigation in Germany
and France
In both Germany and France, households
in flood-prone areas are expected to contribute
to flood-risk reduction by implementing damage-
reducing (also called mitigation) measures. In
Germany, the responsibility of households to con-
tribute to risk reduction was increasingly empha-
sized following major floods along the Rhine in 1993
and 1995 and the Elbe and Danube catchment in
2002, and is also stated in the federal water act as
of 2005.(17,54) However, there are currently no clear
rules as to what this responsibility encompasses, and
no systematic support or financial subsidies are avail-
able to households for implementing private flood
mitigation measures.(55) Flood insurance coverage is
available from private insurers that charge risk-based
premiums, which is thus more expensive and diffi-
cult to obtain in high-risk areas. Market penetra-
tion varies considerably between federal states for
historical reasons and ranges from 15% to 95% (as
of 2015).(56), 5
In France, private flood mitigation measures are,
in principle, stimulated through so-called Risk Pre-
vention Plans (PPR), which delineate areas poten-
tially at risk of flooding. In these areas, PPRs can
define obligatory or recommended flood mitigation
measures for private households. Moreover, the so-
called Barnier fund can provide subsidies for house-
holds to implement flood mitigation measures. In
practice, however, several studies have shown that
both the PPRs and the Barnier fund hardly stim-
ulate private flood mitigation behaviors, which are
predominantly enacted at the initiative of the house-
holds themselves.(57) Property insurance is compul-
sory and thus reaches a market penetration of 99%
in metropolitan France. Flood damage is covered by
an additional public–private compensation scheme
(the so-called Cat Nat system), which private in-
surers must provide along with property insurance
contracts.(57) Insurance premiums are fixed by the
government, do not reflect the actual risk, and thus
follow the national solidarity principle.(58)
Even though flood risk management systems
differ between France and Germany, it can be
concluded that households are mostly responsible
themselves for implementing and financing flood
mitigation measures at the building level. Differ-
ences between the two countries exist in terms of
flood insurance.
2.3. Household Surveys in Germany and France
To gain insights into the factors that influence
flood-coping appraisals of PMT, two surveys were
carried out among 752 and 885 flood-affected house-
holds in Germany and France, respectively. In addi-
tion to details on flood-coping appraisals for differ-
ent types of private flood mitigation measures, the
deployed questionnaires elicited a range of intraper-
sonal and environmental factors as well as informa-
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In Germany, computer-aided telephone inter-
views were conducted among households living along
the Rhine River by the Umfragezentrum Bonn of the
Rheinische Friedrich-Wilhelms-Universität Bonn in
early summer of 2011. In France, the survey was
administered by mail by IPSOS, which is a French
professional survey research company, and dis-
tributed to households living in flood-prone areas
in the regions of Ardenness, the Var, and the West
Coast. For further details on the two surveys in terms
of pretesting, sample characteristics, and represen-
tativeness of the sample, the reader is referred to
Refs. 3,5,54, and 59.
Since the characteristics of private flood miti-
gation measures can substantially differ—for exam-
ple, flood-proofing a building structure versus pur-
chasing flood insurance—also perceptions regarding
these measures can vary. Therefore, flood-coping ap-
praisals were elicited for specific types of measures.
In Germany, respondents were asked to indicate cop-
ing appraisals for structural measures, nonstructural
measures, and for purchasing flood insurance. In
France, respondents reported their coping appraisals
separately for structural and nonstructural measures.
Insurance was not elicited in France because house-
holds are already obliged to buy it (see Section 2.2).
While postponement was only included in the
German survey, risk aversion was only elicited in the
French survey, allowing for complementary insights.
The variables included in the German and French
analyses and their coding are described in Tables AI
and AII in the Supporting Information.
One important difference between the two sam-
ples exists in terms of the timing of flood experi-
ence. German households were mainly affected by
the large-scale floods that occurred in the Rhine
basin in December 1993 and January 1995,(54,60) even
though a number of respondents were also affected
by smaller and more recent floods. Flood experi-
ence of the French households was more recent: the
majority of the respondents who were flooded in
the past were affected by the storm Xynthia, which
caused large flooding in 2010.
2.4. Statistical Analyses
2.4.1. Factors Influencing Flood-Coping Appraisals
Self-reported ratings of response efficacy, self-
efficacy, and response cost for structural and non-
structural measures, as well as insurance in the case
of the German sample, were used as dependent
variables in a series of multiple regression models.
A separate regression analysis was performed for
each type of measure and each country (Tables I–
VI). To account for the ordinal scale of the coping
appraisal ratings, ordered logit models were applied.
For each model, regression coefficients, significance
values, and Nagelkerke R2 values are reported. Dif-
ferences in the number of observations included in
the models stem from missing answers.
In a first step, a set of typical socioeconomic vari-
ables (intrapersonal source of information accord-
ing to PMT), namely, the level of education, number
of household members, age, ownership, gender, and
income, were used as explanatory variables. These
models are referred to as “socioeconomic” models
(see, e.g., Table I).
In a second step, the socioeconomic models for
the three coping appraisal variables and the different
types of measures were expanded with variables cap-
turing additional intrapersonal and environmental
sources of information, including previous flood ex-
perience and damage, risk perceptions, respondents’
social environment, and aspects of risk and coping
communication. The resulting models are referred to
as “complete” models (see, e.g., Table I).
2.4.2. Grouping Analysis
In addition to the regression models, we per-
formed a grouping analysis: households with sim-
ilar combinations of flood-coping appraisal ratings
were grouped, and variables influencing this group-
ing were determined by applying a multivariate
grouping analysis that consisted of four steps. All
four steps were performed using the software R,
version 3.2.2. First, a hierarchical cluster analysis ap-
plying Euclidean distance and the Ward.D2 clus-
tering method was performed on the three coping
appraisal variables (response efficacy, self-efficacy,
and response cost) in order to obtain an algorithm-
based grouping for each category of mitigation mea-
sure. For instance, all respondents who indicated
the highest response and self-efficacy rating and
the lowest response cost rating for structural mea-
sures were identified as one group. Second, the
most prominent groups were manually selected us-
ing the hierarchical cluster dendrogram, in which
equally sized clusters with similar heights result in the
particular groups. Third, an unconstrained principal
component analysis (PCA) was conducted with the
coping appraisal variables in order to present the
Euclidean distance between the combinations in an
ordination plot. PCA is a method often used in
Insights into Flood-Coping Appraisals of Protection Motivation Theory 1245
ecology, but increasingly also in the social sciences,
to reduce the dimensionality of the data, extracting
its most important information and revealing pat-
terns of similarity.(61–64) To display the groups in the
most representative way, a group overlay was passed
to the plot (Fig. 2). Fourth, the R package “envfit”
module(65) was used to estimate correlations between
explanatory variables that were significant in the re-
gression analysis (see Section 2.4.1) and the first two
principal components (PCA axes).
Correlations between explanatory variables and
the groups are displayed by the brown arrows (see
Fig. 2), which show the correlation strength as well as
correlation direction of a variable. In general, longer
arrows mean stronger correlations between the par-
ticular variable and the two PCA axes. The angles
between arrows and axes show how the variable is
correlated with each particular axis. The smaller the
angle between them, the stronger the correlation.(65)
Thus, if the variable arrows point to the same plot re-
gion where groups appear, a positive coherence be-
tween this variable and the group can be assumed. A
negative correlation is indicated by variable arrows
pointing in the opposite direction of a group (see
Fig. S1 for an illustrative example). For readers unfa-
miliar with PCA and the interpretation of ordination
plots, a detailed example and explanation is provided
in the supplementary information.
3. RESULTS
3.1. Factors Influencing Flood-Coping Appraisals
3.1.1. Response Efficacy (RE)
3.1.1.1. German case study. The results of the
socioeconomic models predicting RE for the three
damage-reducing measures in Germany show that
age, ownership, and income level make a significant
contribution to at least one of the socioeconomic
models (Table I). In terms of structural measures, we
find that older adults are less likely to rate structural
measures as effective. For nonstructural measures, a
positive influence for income is found. As far as the
purchase of insurance is concerned, the age of the
respondents again has a negative influence on RE,
while being a homeowner has a positive influence.
Common to all three socioeconomic models is the
low level of explained variance, ranging from 3.9%
to 5.3%.
The complete models explaining RE reveal
that especially the social environment has a positive
influence on the perceived effectiveness of the three
measures, making a significant positive contribution
to all three models (Table I). As far as the complete
model for the RE of insurance is concerned, results
show that people who believe that they live in an
area that is unprotected from flood-defense infras-
Table I. Models of Response Efficacy for Structural and Nonstructural Measures and Insurance Purchase in Germany
Structural Measures Nonstructural Measures Insurance
Explanatory Variable Socioeconomic Complete Socioeconomic Complete Socioeconomic Complete
Education 0.112 0.145 0.134 0.053 0.002 −0.176*
Household members 0.049 −0.019 −0.052 0.073 −0.079 −0.068
Age −0.194* −0.206* −0.097 −0.104 −0.242*** −0.161
Ownership −0.158 −0.282 −0.133 −0.522 0.549** 0.406
Female −0.138 −0.110 −0.173 −0.418 −0.059 −0.064
Income −0.427 −0.660 0.225* 0.218 0.178 0.502
Perceived consequence n.a. 0.126 n.a. 0.074 n.a. 0.288*
Perceived probability n.a. −0.097 n.a. 0.210 n.a. −0.260*
Unprotected area n.a. −0.155 n.a. 0.034 n.a. −0.618*
Satisfaction with flood management n.a. 0.029 n.a. 0.206 n.a. −0.066
Past flood damage (ln) n.a. 0.009 n.a. 0.044 n.a. −0.016
Fatalism n.a. −0.017 n.a. 0.028 n.a. −0.097
Avoidance n.a. −0.004 n.a. −0.074 n.a. −0.153
Postponement n.a. −0.021 n.a. 0.038 n.a. −0.030
Risk information n.a. −0.092 n.a. 0.247 n.a. 0.035
Coping information n.a. −0.353 n.a. −0.464 n.a. 0.004
Social environment n.a. 0.293** n.a. 0.291* n.a. 0.404***
Nagelkerke R2 0.039 0.105 0.053 0.144 0.044 0.172
N 478 282 484 280 462 271
*p < 0.05, **p < 0.01, ***p < 0.001.
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tructure rate the effectiveness of insurance lower.
Insurance may be viewed as being a less effective
way to cope with flood risk in these high-risk areas
because it is more expensive there and more difficult
to obtain.(3,56) The same argument holds true for the
negative influence found for perceived probability.
Also, more educated people perceive insurance to
be less effective. In contrast, people who expect a
flood’s damage to be high exhibit a higher RE rating.
The explained variance of the complete models is
between 10.5% and 17.2%, which is considerably
higher than the socioeconomic models.
3.1.1.2. French case study. The socioeconomic
models capturing the RE of French households
(Table II) show that women have a significantly
higher perceived response efficacy with regard to
nonstructural measures than men. Contrary to the
German model, no positive effect is found for in-
come. In line with the sample from Germany, the so-
cioeconomic variables have little explanatory power,
ranging from 2% to 3% of explained variance in RE.
The complete model explaining RE in France in-
dicates that the perceived damage of a future flood is
negatively related to the latter (Table II).
Moreover, response efficacy among French
households is related to fatalism in the sense that in-
dividuals with a low degree of fatalism have a higher
perceived RE. Risk aversion and perceived response
efficacy are positively related with regard to non-
structural measures. In line with the findings from
Germany, it appears that the social environment has
a strong and significant influence on perceived re-
sponse efficacy for both structural and nonstructural
measures. As in the case for Germany, the explana-
tory power of the complete models for France is, with
12–15% in explained variance, considerably higher
than the socioeconomic models.
3.1.2. Self-Efficacy (SE)
3.1.2.1. German case study. With regard to SE,
the results show that income, ownership, educa-
tional level, and age make a significant contribution
to at least one of the three socioeconomic models
(Table III). As far as SE for structural measures is
concerned, we find a significant positive effect for
both income and ownership. As far as nonstruc-
tural measures are concerned, income again influ-
ences the perceived SE positively. Here, no differ-
ence is found for ownership in the socioeconomic
model. Regarding the perceived SE of insurance, we
again find a positive influence for income. In addi-
tion, the educational level also exhibits a positive
influence on the perceived SE of buying insurance.
In contrast, older people consider themselves less
able to purchase insurance. The explanatory power
of the socioeconomic model predicting SE regarding
nonstructural measures is again low, with only 4%
of explained variance. Somewhat higher explanatory
power is found for the models predicting SE in terms
of structural measures and insurance, with 10.6% and
13.2% in explained variance, respectively.
The complete models explaining SE reveal the
importance of the social environment (Table III).
People who believed that friends or neighbors im-
plemented one of the three types of measures feel
better able to implement these themselves. People
who received information on the risk they faced also
indicated a higher SE with regard to insurance. In
contrast, nonprotective responses, that is, avoidance
of insurance, relate negatively to SE. Respondents
with a high perceived probability of future flood-
ing also indicated a lower SE for insurance. In line
with the results for RE, the explained variance in-
creases considerably for the complete models pre-
dicting SE (namely, 13.8–27.4%) compared to the so-
cioeconomic models.
3.1.2.2. French case study. For the French
households, we find that education appears to be
negatively related to the perceived SE for structural
measures in the socioeconomic model (Table IV). A
lower perceived SE is also reported for females in the
model for structural measures. Older adults also in-
dicate a lower SE for both measures, although effect
sizes are low. As is the case for the German sam-
ple, income is positively related to SE for structural
measures, but not significantly in the model for non-
structural measures. In line with the findings from
Germany, the socioeconomic models for SE have a
better model fit than was the case for the response ef-
ficacy models, and range from 6% to 9% in explained
variance.
The complete models predicting the SE of
French households indicate that higher perceptions
of flood risk are negatively related to the perceived
SE of structural measures (Table IV). In particular,
perceptions that one’s flood risk is higher than
average has a negative significant influence, and
already feeling well-protected against the flooding
has a positive influence on perceived self-efficacy.
These effects were not observed for the German
case study, where neither perceived probability,
Insights into Flood-Coping Appraisals of Protection Motivation Theory 1247
perceived consequences, nor past flood damage
made a significant contribution to the models ex-
plaining SE of structural and nonstructural measures.
Individual risk aversion, which was not elicited in the
German survey, is positively related to the perceived
self-efficacy of both structural and nonstructural
measures. Moreover, individuals who have received
or searched for information on flood protection
measures have a higher degree of self-efficacy for
structural measures. The social environment variable
is positively related to the self-efficacy of nonstruc-
tural measures, which is consistent across the two
case studies. The explanatory power of the complete
models for SE in France again improves considerably
compared with the socioeconomic model and ranges
from 13% to 15% in explained variance.
3.1.3. Response Cost (RC)
3.1.3.1. German case study. In terms of per-
ceived response cost (RC), education, age, and gen-
der significantly contribute to at least one of the three
socioeconomic models (see Table V). Respondents
with a higher education level perceive the costs of
structural measures to be lower. In addition, older
people and women consider insurance to be less
costly. The explanatory power of all three socioeco-
nomic models is again low and explains only between
1.6% and 4.8% of the variance in perceived RC.
The complete models predicting RC provide
mixed results (Table V). In terms of structural mea-
sures, we find that older people perceive this type
of measure as more costly. People who believe in
greater consequences of future flood events con-
sider structural and nonstructural measures to be less
costly. A negative coefficient is furthermore found
for the variable of fatalism, indicating that people
who agree with the general statement that “there is
nothing that can be done to prevent flood damage”
rate the costs of structural measures as lower. The
explained variance significantly increases again for
the complete models and ranges between 10.7% and
17.4%.
3.1.3.2. French case study. For the French
sample, several socioeconomic variables have an im-
portant influence on RC (see Table VI) in the socioe-
conomic models. Older people perceive structural
and nonstructural measures as less costly, but effect
sizes are very low. Homeowners perceive structural
measures as more costly, which probably reflects the
fact that the costs of flood-proofing a house are more
obvious for homeowners compared to tenants. We
also find that people with higher income consider
costs lower in all models, which is a marked dif-
ference from the German sample. The explanatory
power of the socioeconomic models is again low.
The complete models reveal that the perceived
consequences of flooding relate to higher perceived
costs for both measures. Also, experience with flood
damage in the past relates to perceived higher costs
of nonstructural measures, but effect size is very low.
Respondents who feel well-protected against flood-
ing perceive structural measures as less costly. This
could be related to the fact that these respondents
believe that only minor investments are needed given
the already good protection level. Also, respondents
who perceived that their social environment imple-
mented flood mitigation measures consider the cost
of nonstructural measures to be lower. Explained
variance again increases considerably and reaches
15% for RC of structural measures and 13% for non-
structural measures.
3.2. Grouping Analysis
The results of the grouping analysis show that
several distinct groups exhibiting very similar ratings
of response efficacy, self-efficacy, and response cost
can be identified for the different types of examined
mitigation measures. The distinct groups that could
be identified based on their similar rating across the
three coping appraisal components are described in
Table VII and the number or respondents belonging
to these groups (% in brackets) for each of the exam-
ined measures is provided.
The first result of the grouping analysis is that
the identified groups do not appear uniformly across
all examined measures (Table VII). The group “Low
coping appraisal” was only identified for insurance.
The group “Only low self-efficacy” was found only
as a distinct group for structural measures. The
group “Only high response cost” was found for both
nonstructural measures and insurance. The only
group that occurred for all examined measures was
“High coping appraisal.” Interestingly, while the
identified groups are not uniform across the different
mitigation measures, we find identical groups for
the French and German samples, as indicated in
Table VII and depicted in the ordination plots in
Figs. 2(a)–(d). For “structural measures,” the groups
“High coping appraisal” and “Only low self-efficacy”
are both found within the German and French
data (Figs. 2(a) and 2(b)), whereas “nonstructural
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Fig. 2. PCA ordination plots of the German and French data for different mitigation measure types.
measures” consist of the groups “High coping ap-
praisal” and “Only high response cost” (Figs. 2(c)
and 2(d)). The category “insurance,” which was not
elicited for the French survey, comprises all groups
except for “Only low self-efficacy” (Fig. 2(e)).
Moreover, Figs. 2(a)–(e) reveal that the group-
ing is influenced by different explanatory variables,
which is resembled by the brown arrows. In the
case of structural measures in Germany, the social
environment has a strong significant positive effect
on the group “High coping appraisal” (Fig. 2(a)),
while the effect on “Only low self-efficacy” is
negative. In addition, being a homeowner also
shows a significant positive influence on the “High
coping appraisal,” group whereas households with
worse perceived consequences of flooding tend to
show “Only low self-efficacy.” Coping information,
income, and risk information also show a positive
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Table II. Models of Response Efficacy for Structural and Nonstructural Measures in France
Structural Measures Nonstructural Measures
Explanatory Variable Socioeconomic Complete Socioeconomic Complete
Education 0.05 0.05 0.10 0.09
Household members 0.05 −0.01 −0.05 −0.05
Age −0.01 −0.01* −0.0004 −0.005
Ownership −0.17 −0.08 −0.43 −0.31
Female 0.04 0.04 0.34* 0.33
Income 0.07 0.0002 0.08 0.02
Perceived consequences n.a. −0.11 n.a. −0.23*
Perceived flood risk n.a. −0.04 n.a. −0.06
Feeling protected n.a. 0.15 n.a. −0.02
Public defenses n.a. 0.31* n.a. 0.19
Past flood damage n.a. −0.003 n.a. −0.003
Low degree of fatalism n.a. 0.25* n.a. 0.24**
Risk aversion n.a. 0.17 n.a. 0.37**
Risk information n.a. −0.14 n.a. −0.10
Coping information n.a. −0.13 n.a. −0.01
Social environment n.a. 0.52* n.a. 1.01**
Nagelkerke R2 0.02 0.12 0.03 0.15
N 582 545 556 521
*p < 0.05, **p < 0.01.
Table III. Models of Self-Efficacy for Structural and Nonstructural Measures and Insurance Purchase in Germany
Structural Measures Nonstructural Measures Insurance
Explanatory Variable Socioeconomic Complete Socioeconomic Complete Socioeconomic Complete
Education −0.051 −0.067 0.071 −0.046 0.253*** 0.113
Household members 0.031 −0.233* −0.051 0.048 0.008 −0.016
Age 0.004 −0.119 −0.087 −0.002 −0.226** −0.228*
Ownership 0.985*** 1.162*** −0.127 −0.609 0.144 0.362
Female −0.255 0.005 −0.171 0.219 −0.243 −0.260
Income 0.671* 0.717 0.248** 0.376** 0.749** 1.315**
Perceived consequence n.a. −0.053 n.a. −0.049 n.a. 0.147
Perceived probability n.a. −0.179 n.a. 0.020 n.a. −0.484***
Unprotected area n.a. −0.147 n.a. −0.393 n.a. −0.414
Satisfaction with flood management n.a. −0.043 n.a. 0.014 n.a. 0.115
Past flood damage (ln) n.a. −0.005 n.a. 0.030 n.a. −0.033
Fatalism n.a. −0.057 n.a. 0.135 n.a. −0.047
Avoidance n.a. −0.027 n.a. −0.125 n.a. −0.243*
Postponement n.a. −0.170 n.a. 0.168 n.a. −0.024
Risk information n.a. 0.110 n.a. 0.310 n.a. 0.716*
Coping information n.a. −0.015 n.a. 0.200 n.a. 0.157
Social environment n.a. 0.284** n.a. 0.427*** n.a. 0.357**
Nagelkerke R2 0.106 0.161 0.046 0.138 0.132 0.274
N 457 275 482 281 455 267
*p < 0.05, **p < 0.01, ***p < 0.001.
relation to the “High coping appraisal” group,
although the significance is relatively low. The same
applies for being female and the likelihood of be-
longing to the “Only low self-efficacy” group. Again,
here the significance is low but the tendency is obvi-
ous. The French data display a very similar picture
(Fig. 2(b)). The plot indicates that homeownership,
income, and coping information have a positive
influence on the “High coping appraisal” group.
Being female again has a positive—in this case more
significant—effect on the “Only low self-efficacy”
group. Contrary to the German data, the social
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Table IV. Models of Self-Efficacy for Structural and Nonstructural Measures in France
Structural Measures Nonstructural Measures
Explanatory Variable Socioeconomic Complete Socioeconomic Complete
Education −0.13* −0.13* −0.04 −0.10
Household members 0.11 0.12 0.03 0.05
Age −0.01* −0.01* −0.03** −0.03**
Ownership 0.31 0.24 0.18 0.15
Female −0.39** −0.31* −0.30 −0.20
Income 0.12* 0.11 0.17 0.17
Perceived consequences n.a. 0.002 n.a. −0.09
Perceived flood risk n.a. −0.38** n.a. 0.18
Feeling protected n.a. 0.34** n.a. 0.11
Public defenses n.a. −0.027 n.a. 0.16
Past flood damage n.a. 0.001 n.a. −0.003
Low degree of fatalism n.a. 0.0005 n.a. 0.08
Risk aversion n.a. 0.17* n.a. 0.20*
Risk information n.a. 0.11 n.a. 0.13
Coping information n.a. 0.52** n.a. 0.31
Social environment n.a. −0.09 n.a. 0.65**
Nagelkerke R2 0.06 0.13 0.09 0.15
N 666 615 613 572
*p < 0.05, **p < 0.01.
Table V. Models of Response Cost for Structural and Nonstructural Measures and Insurance Purchase in Germany
Structural Measures Nonstructural Measures Insurance
Explanatory Variable Socioeconomic Complete Socioeconomic Complete Socioeconomic Complete
Education −0.127* −0.108 0.015 0.027 −0.012 −0.037
Household members −0.020 −0.121 −0.012 −0.094 −0.056 −0.115
Age 0.094 0.228* 0.038 0.061 −0.163* −0.216*
Ownership −0.005 0.142 −0.057 0.278 −0.254 0.022
Female −0.241 −0.068 −0.316 −0.051 −0.544** −0.593*
Income 0.364 0.648 0.087 0.042 0.212 0.134
Perceived consequence n.a. −0.276* n.a. −0.358*** n.a. −0.182
Perceived probability n.a. −0.089 n.a. 0.072 n.a. −0.321*
Unprotected area n.a. 0.301 n.a. 0.209 n.a. 0.052
Satisfaction with flood management n.a. 0.131 n.a. 0.227 n.a. 0.135
Past flood damage (ln) n.a. −0.022 n.a. −0.032 n.a. −0.028
Fatalism n.a. −0.242* n.a. 0.013 n.a. −0.002
Avoidance n.a. 0.017 n.a. 0.079 n.a. 0.001
Postponement n.a. −0.078 n.a. −0.089 n.a. −0.033
Risk information n.a. −0.115 n.a. −0.262 n.a. −0.251
Coping information n.a. −0.014 n.a. 0.472 n.a. −0.051
Social environment n.a. 0.085 n.a. 0.168 n.a. 0.154
Nagelkerke R2 0.021 0.107 0.016 0.111 0.048 0.178
N 456 267 475 278 437 254
*p < 0.05, **p < 0.01, ***p < 0.001.
environment is not significant and therefore shows
no influence on the grouping.
As far as nonstructural measures are concerned
(Figs. 2(c) and 2(d)), again very similar patterns
are found for the two countries, although the plots
differ in their visual appearance. Social environment
is significant and shows a positive relation to the
group “Only high response cost” in both Germany
and France. Besides this, certain other explanatory
variables reveal similar trends. High damage in-
curred in the past, for example, seems to influence
the affiliation to “High coping appraisal” positively.
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Table VI. Models of Response Cost for Structural and Nonstructural Measures in France
Structural Measures Nonstructural Measures
Explanatory Variable Socioeconomic Complete Socioeconomic Complete
Education 0.05 0.08 −0.04 −0.06
Household members 0.01 −0.02 0.03 0.02
Age −0.01* −0.01* −0.03** 0.008
Ownership 0.78** 0.79** 0.18 0.59**
Female −0.07 −0.07 −0.30 −0.13
Income −0.19** −0.18** −0.17** −0.22**
Perceived consequences n.a. 0.19* n.a. 0.23*
Perceived flood risk n.a. 0.18 n.a. −0.20
Feeling protected n.a. −0.33** n.a. −0.09
Public defenses n.a. −0.12 n.a. −0.07
Past flood damage n.a. 0.001 n.a. 0.004*
Low degree of fatalism n.a. 0.02 n.a. 0.05
Risk aversion n.a. −0.02 n.a. −0.15
Risk information n.a. −0.24 n.a. −0.33
Coping information n.a. −0.03 n.a. 0.26
Social environment n.a. −0.004 n.a. −0.58*
Nagelkerke R2 0.04 0.15 0.09 0.13
N 604 564 613 534
*p < 0.05, **p < 0.01.
Also, higher education and income levels show a
positive connection to the “Only high response cost”
group and therefore a negative connection to “High
motivation.” The positive connection between own-
ers and “High coping appraisal” could only be found
within the French data (Fig. 2(d)). In Germany, on
the other hand, worse perceived consequences of
flooding seem to result in a higher coping appraisal
regarding structural measures.
For insurance, which was only elicited for the
German sample, Fig. 2(e) shows that the social en-
vironment, income, and education all positively re-
late to the groups “High coping appraisal” and “Only
high response cost.” It could be argued that high
perceived consequences also lead to a higher mo-
tivation. On the contrary, being female, incurring
past flood damage, and, especially, perceiving greater
flood risks relate to the group showing “Only low re-
sponse cost.”
4. DISCUSSION
Below, the results of Section 3 are discussed in
relation to the hypotheses formulated in Section 2.2.
H1: Our results confirm that several intrap-
ersonal characteristics relate to flood-coping
appraisals, partly confirming H1. With 16 out
of 30 possible instances, age is the intraper-
sonal variable that contributes most often to
all models (socioeconomic [= 9 times] and
complete models [= 7 times]). Effects on
flood-coping appraisals are mixed, though.
While we find negative relations with re-
sponse efficacy, it is positive in terms of re-
sponse cost (i.e., older people perceive these
measures as less costly) in the French sam-
ple and for insurance in Germany. Contrary
to this, older adults in Germany consider
structural measures as more costly. Regard-
ing self-efficacy, results differ between the
two samples, with positive signs in Germany
and negative ones in France. While these re-
sults confirm that age significantly relates to
flood-coping appraisals as stated in our hy-
pothesis, a general direction of that influence
could not be established. In addition, con-
cerning the grouping analysis, age was not
significantly related to different groups.
In addition to age, we find that especially in-
come relates to flood-coping appraisals, significantly
contributing to 11 out of 30 models (socioeconomic
[= 7 times] and complete models [= 4 times]). In
line with our hypothesis, people with lower income
tend to have lower coping appraisals, particularly in
terms of self-efficacy. Lower income relates nega-
tively to SE for several measures in both samples.
Lower-income groups also consider structural and
nonstructural measures as more costly in the French
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Table VII. Groups Showing Very Similar Coping Appraisal Ratings across Different Mitigation Measures
Group
Group Definition Determined by
Coping Appraisal Ratings Str. (DE)a Str. (FR)b N-Str. (DE)c N-Str. (FR)d Ins. (DE)e
High coping
appraisal
Households indicating a high response
efficacy, high self-efficacy, and low
response cost
97 (35.8%) 226 (42.2%) 103 (35.9%) 265 (51.2%) 48 (18.9%)
Low coping
appraisal
Households indicating a low response





Households indicating a high response
efficacy but low self-efficacy, and low
response costs
110 (40.6%) 184 (34.3%)
Only high response
cost
Households indicating a high response
efficacy, high self-efficacy, but high
response costs
166 (57.8%) 134 (25.9%) 58 (22.8%)
Only low response
cost
Households indicating a low response
efficacy, low self-efficacy, but low
response costs
46(18.1%)
Mixed Households indicating a combination of
response efficacy, self-efficacy, and
response cost that occur in a low
number of cases and cannot be
reasonably categorized; these
respondents were therefore excluded
from the PCA plots






sample (Tables III–VI). The grouping analysis also
shows that income relates positively to the “High
coping appraisal” groups with regard to structural
measures and insurance in Germany (Figs. 2(a)–
2(e)). These findings, which are in line with Babcicky
and Seebauer,(39) who find that self-efficacy is lower
for lower-income groups, indicate that financial
support may be needed to overcome the negative
influence of low income on coping appraisals. To
enable low-income households to invest in flood risk
mitigation measures, income support could be pro-
vided in the form of subsidies or low-interest loans to
help these households pay for the often high upfront
investment costs of implementing flood-proofing
measures. To address the issue of affordability, also
the distribution of insurance vouchers has been
discussed.(66) Contrary results are reported by Ge
et al.(67) for a sample of 599 households in Florida,
who found that income was not significantly related
to respondents’ expectations of participating in a
mitigation assistance program.
Mixed results are found for education, which
contributes to five out of 30 possible models (so-
cioeconomic [= 3 times] and complete models [= 2
times]). It relates positively to the SE of buying flood
insurance, which is in line with Atreya et al.,(68) but
negatively to implementing structural measures in
France. Further, the grouping analysis indicates that
education is positively related to high response costs
of nonstructural measures, both in Germany and
France. Our hypothesis that education relates posi-
tively to flood-coping appraisals is thus hardly con-
firmed, given the mixed effects and the small number
of models to which it significantly contributes.
Significant gender differences are detected in
five out of 30 models (socioeconomic [= 3 times]
and complete models [= 2 times]), partly confirming
our hypothesis. In the French sample, for instance,
women feel less able (= SE) to implement structural
and nonstructural measures. These findings are
generally in line with Babcicky and Seebauer,(39)
who also find that self-efficacy is lower for women.
As far as insurance purchase is concerned, we find a
different result. In our case, women rate the costs of
insurance considerably lower than men, as indicated
by comparably large effect sizes. The grouping
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analysis also shows that gender has a significant in-
fluence as far as structural measures and purchasing
insurance are concerned (Figs. 2(b) and 2(e)). These
findings are generally in line with Babcicky and
Seebauer,(39) who find that self-efficacy is lower for
women and low-income groups.
Overall, it has to be noted that almost all socioe-
conomic models have a very low explanatory power
across almost all types of measures and both coun-
tries (Tables I–VI). The only socioeconomic models
that have a somewhat higher explanatory power are
the ones predicting self-efficacy regarding structural
measures and insurance in Germany (Table III). The
low explanatory power of socioeconomic results is in
line with findings indicating that socioeconomic char-
acteristics are only weakly related to flood and also
earthquake mitigation behavior.(1,2,69)
H2: The hypothesis that flood experience pos-
itively relates to flood-coping appraisals is
generally not confirmed by our results. The
experience of flood damage in the past sig-
nificantly contributes to only one out of 15
possible complete models, that is, RC of
structural measures in the French sample.
The same is found in the group analysis. The
weak influence of flood experience on flood-
coping appraisals in our study could be ex-
plained by the way in which this variable
was operationalized. Demuth at al.(47) mea-
sure hurricane experience in several differ-
ent ways, such as through property losses,
emotional impact, or evacuation experience,
and examine the relations of each variable
with SE and RE. In line with our study, no
significant effect is found for SE and a nega-
tive influence for RE is found, if experience
is operationalized in terms of property dam-
age. However, if operationalized in terms
of evacuation experience, a positive relation
with SE and RE is indeed found. This is ex-
plained by the fact that prior evacuation ex-
perience provides specific knowledge about
this action and its utility and thus raises SE
and RE.
Risk perception, that is, the perceived conse-
quences and perceived probability (or risk, in the
case of France) of a threat, makes a significant
contribution to 10 out of 15 complete models, ini-
tially confirming our hypothesis. Mixed results are
found for the effects of risk perceptions on coping
appraisals. In terms of RE, the perceived probability
in the German sample relates negatively only to the
purchase of flood insurance. This could be explained
by the risk-based premiums and the setup of the
German insurance system, which previously denied
cover to households in high-risk areas.(56) The same
argument holds true for the negative influence of
perceived probability on SE and RC regarding
insurance (Tables III–VI).
In contrast, people who expect greater negative
consequences of a flood indicate a higher RE for in-
surance. An analysis of the mean and median val-
ues of response efficacy ratings across the three mea-
sures, moreover, shows that insurance is generally
considered less effective (mean = 2.64; median = 3.0)
compared to structural (mean = 3.09; median = 4.0)
and nonstructural measures (mean = 3.52; median =
4.0). This can be explained by the fact that insur-
ance does not protect lives or property from being
damaged and is not useful for any other purposes.
Instead, it merely protects the financial replacement
value of the property that may have been damaged
or destroyed by a flood.(38)
For the French sample, perceived consequences
relate negatively to the RE of nonstructural mea-
sures. Inconclusive results are found between the two
samples regarding the relation between perceived
consequences and RC. While German respondents
who believe in greater consequences of future
flood events consider structural and nonstructural
measures to be less costly, the opposite is indicated
for the French sample. This could possibly result
from the different time periods in which the flood
events occurred, where the flooding was more recent
in France. More recent negative experiences with
high levels of flood damage and greater perceived
future consequences may imply that individuals
expect that substantial mitigation efforts will be
needed to limit future flood damage to their homes,
which would trigger high RC. For instance, Bin and
Landry (44) find that individual flood risk perceptions
are high right after a flood has occurred, but decline
steadily after a flood event. The difference between
the two samples could also stem from differences
in flood types. In the French sample, some of the
households experienced a coastal flood, which is
more destructive.(70) This could again imply that
respondents feel that substantial mitigation efforts
will be needed to limit future flood damage, trig-
gering high RC. These findings are generally also
further supported by the grouping analysis. For
flood insurance, for instance, a higher perceived
probability and past flood damage strongly relate
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to low coping appraisals, in this case “Only low
response cost” (Fig. 2(e)). This is again related to the
aforementioned difficulty for households in high-risk
areas to obtain insurance in Germany.
The overall rather weak influence of risk percep-
tions on coping appraisals is in line with findings in-
dicating that high risk perceptions do not necessarily
lead to risk-reducing behavior.(2,71)
H3: Hypothesis 3, stating that fatalism, post-
ponement, and low risk aversion are impor-
tant personality characteristics that are re-
lated with lower coping appraisals is partly
confirmed. Nonprotective responses, such
as fatalism, avoidance, and postponement,
make a significant contribution to only four
models out of 15 complete models, all in the
expected direction (except for fatalism in the
model depicting response cost of structural
measures in Germany). For instance, French
respondents with a low degree of fatalism in-
dicate a higher SE for structural and non-
structural measures.
Also, risk aversion is a significant variable in
three out of six complete models. It has to be
noted, though, that this variable was only elicited in
the French survey. In all models, it contributes in
the expected way and in line with expected utility
theory:(50) people with a higher risk aversion indicate
a higher level of response and self-efficacy.
H4: Hypothesis 4, stating that risk and cop-
ing information positively relates to cop-
ing appraisals, is partly confirmed. The two
variables only contribute significantly to
two out of 15 complete models. Risk in-
formation relates positively to the SE of
insurance, and coping information relates
positively to structural measures in France,
indicating that people who received or
sought for information on how they could
protect themselves indeed reported a higher
SE for these measure categories. Since
both information provision and seeking
for information were elicited in the same
question in the French survey, the two
different ways how information reached
the respondent cannot be distinguished.
Although we are not aware of other
studies that examined the influence of
coping information on changing flood-
coping appraisals, a meta-analysis of PMT
studies applied to health risk shows that
communicating about coping variables can
effectively change people’s beliefs about
coping measures.(15)
The group analysis reveals a low significant pos-
itive relation between risk and coping information
and groups with higher coping appraisals concerning
structural measures in Germany and France (Figs.
2(a) and 2(b)). These results indicate that coping in-
formation material can have a positive effect on cop-
ing appraisals, especially in terms of self-efficacy, but
that this effect is rather modest.
H5: Hypothesis 5, stating that observational
learning from the social environment has
a positive influence on coping appraisals,
is largely confirmed by our results. The
social environment variable, which cap-
tures whether respondents perceive that
friends, neighbors, and family members have
taken mitigation measures, significantly con-
tributes to 10 out of 15 complete models in
the expected direction. Particularly strong
relationships are found in terms of RE and
SE and, to a lesser extent, also RC. In addi-
tion, the grouping analysis indicates a strong
relation between the social environment and
the “High coping appraisal” groups for struc-
tural measures and insurance in Germany
(Figs. 2(a) and 2(e)). These findings are in
line with the PMT and other framework as
well as previous studies that demonstrated
the influence of the social environment on an
individual’s protective behavior.(3,12,39,72,73)
For most people, it can be difficult to eval-
uate the effectiveness, feasibility, and costs
of a measure without prior flood experience
and without actually installing the measure.
For instance, it can be difficult for some-
one to tell how hard (or easy) it will be to
claim damage from the insurance company
or to deploy sandbags. The fact that one’s
neighbors have implemented a certain type
of measure can thus provide an important
cue in terms of its effectiveness, practicality,
and expected cost–benefit relationship.(74,75)
5. CONCLUSION
Our results confirm other studies that also
found that several socioeconomic characteristics
are related to individual coping appraisals of flood
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preparedness measures, although we find that the
overall explanatory power of models that include
only socioeconomic variables is weak. Significant
relationships between coping appraisals and other
intrapersonal characteristics have been found, such
as with psychological characteristics like fatalism,
postponement, avoidance, and risk aversion. These
findings suggest that models that focus solely on
socioeconomic characteristics to explain coping ap-
praisals and related mitigation behavior are unlikely
to have strong descriptive validity.
Our findings regarding the observed relation-
ships between coping appraisals on the one hand
and flood experience and risk perceptions on the
other hand can have important implications for poli-
cies that aim to stimulate flood-proofing after flood
events. In the aftermath of a flood disaster, there
are often calls to “build back better” and there may
be possibilities to reconstruct damaged properties in
such a way that future flood damage is minimized.
Risk perceptions are often assumed to be high af-
ter a flood and one may expect that a high threat
appraisal will result in a high degree of willingness
on the part of households to flood-proof their home.
However, we find that flood experience and high risk
perceptions may not go hand in hand with higher
coping appraisals, and that, in contrast, these vari-
ables may even have negative relations to coping
appraisals. This highlights the need for policies tar-
geted at improving individual coping appraisals fol-
lowing flood events in order to encourage flood-proof
rebuilding.
Communication policies can be an effective way
to improve individual coping appraisals. We find that
risk and coping information contributes to a greater
motivation to implement structural measures or to
buy insurance. These findings suggest that effective
information provision should focus on both creating
risk awareness and providing information on coping
measures. Still, risk and coping information is found
to make a significant contribution in only a few mod-
els. A significantly larger influence than information
provision is found for the social environment vari-
able, which takes into account whether respondents
perceive that friends and neighbors implement flood
risk mitigation measures. This suggests that social
norms and networks play an important role in flood-
preparedness decisions.
One fruitful avenue for future research could be
to investigate how the effect of information cam-
paigns on flood risk and coping options can be en-
hanced by making use of observed social norms and
network effects. Moreover, future research can ex-
amine whether or not our findings about the deter-
minants of coping appraisal are applicable to other
regions. Although we observe several consistent pat-
terns in our French and German case studies, we also
find inconsistent results between the two case studies,
as could be expected. These differences could also re-
sult from the fact that several items were measured in
a slightly different way.
A possible limitation of the present study re-
lates to the consideration of the objective risk, which
could also be an important determinant of coping
appraisals. This is indicated by our results showing
that respondents who live in an unprotected area
rate the response efficacy of insurance as lower or
exhibit a higher degree of SE in terms of structural
measures in France. While we accounted for differ-
ences in objective risk by including a variable in the
regression models that indicated whether or not re-
spondents think or feel that they live in an area that
is protected by structural flood defenses, this is only
a rather rough indication of the objective risk. Fur-
ther insights into the relationship between objective
risk and coping appraisals could be gained in future
studies by including a more detailed differentiation
in terms of the objective risk, for example, due to dis-
tance from the river, housing type, or elevation.
Given the substantial research efforts that have
been devoted to analyzing flood risk perceptions
around the world, we believe that coping appraisals
have received insufficient attention. This is remark-
able, given the large influence coping appraisals have
on flood-preparedness behavior. We hope that our
study provides a useful starting point for similar stud-
ies in other countries.
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